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@ Film for high density magnetic recording medium. 

@ A film for a high density magnetic recording medium, 
consisting essentially of a cholestatic liquid crystal polyester, 
with an optically active component being copofymerized in a 
nematic or smectic liquid crystal polyester, said film having a 
tensile modulus not smaller than 3 GPa, a humidity expansion 
coefficient not larger than 9 x 10" 8 /<Vb RH, and an anisotropy of 
tensile modulus and that of humidity expansion coefficient each 
not exceeding 2. 
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Des rtption 

FILM FOR HIGH DENSITY MAGNETIC RECORDING MEDIUM 

The present inv ntion r lates to a film for a magn tic recording medium capable of effecting high density 
recording suitabl for magnetic vid o tape, fl ppy disk, etc. 
5 The recent improvement in recording density of magnetic recording media is remarkable and efforts for 
attaining even higher density recording are under way. 

As a base film for a magnetic recording medium there usually is employed a biaxiaily drawn polyethylene 
terephthalate film. Polyethylene terephthalate films are in wide use as base films for magnetic recording 
because their heat resistance is relatively good and they are superior in mechanical strength and weathering 
10 resistance and are relatively inexpensive. 

However, with the recent increasing demand for higher density recording, higher image quality, longer 
operation time and reduced cassette size and weight, polyethylene terephthalate films have encountered a 
limit. For example, in order to attain longer operation time and reduced size and weight it is necessary that the 
base film be as thin as possible. But, In the use of polyethylene terephtalate films, there is a limit in point of film 
15 thickness because thin polyethylene terephthalate films are not sufficiently rigid enough to handle or operate 
without trouble. 

As examples of the method for attaining high density magnetic recording, mention may be made of vapor 
deposition of metal and vertical magnetization. In these methods it is desired to improve the heat resistance 
and dimensional stability of base films. Particularly, polyethylene terephthalate films have relatively poor 
20 dimentional stability caused by humidity, so they have been unsatisfactory in the use of high density magnetic 
recording media such as floppy disks and so on. 

With a view to improving heat resistance there have been proposed polyimide films and aromatic polyamide 
films. However, it has heretofore been difficult to use those films because they are expensive and poor in an 
aqueous alkaline solution and their humidity expansion coefficient is large. 

25 

SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a base film for a magnetic recording medium capable of 
effecting high density recording, having a high tensile modulus, a small humidity expansion coefficient and a 
small intraplanar anisotropy of tensile modulus and of humidity expansion coefficient, while possessing the 
30 advantages of the biaxiaily oriented polyethylene terephthalate film. 

The present invention resides in a film for a high density magnetic recording medium, consisting essentially 
of cholesteric liquid crystal polyester with an optically active component being copolymerized in a nematic or 
smectic liquid crystal polyester chain, and having a tensile modulus not smaller than 3 GPa, a humidity 
expansion coefficient not larger than 9 x 1fr e /tVbRH, and an anisotropy of tensile modulus and of humidity 
35 expansion coefficient not exceeding 2. 

The cholesteric liquid crystal polyester used in the present invention Is prepared by copolymerizing a 
nematic pr smectic liquid crystal polyester with an optically active component. Such nematic or smectic liquid 
crystal polyester has at least two kinds of structural units selected from the following structural units (A), (B) 
and (C) as essential structural units and as mesogens: (A) a structural unit derived from an aromatic diol, (B) a 
40 structural unit derived from an aromatic dicarboxylic acid or cyciohexanedicarboxylic acid, and (C) a structural 
unit derived from an aromatic hydroxycarboxylic acid. Preferably, the polyester has three kinds of structural 
units (A), (B) and (C). 

The following are preferred examples of structural units derived from aromatic diols: 
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wherein X and Y each idependently represent hydrogen, halogen, or an alkyl group having not more than 4 
carbon atoms, 
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The following are preferred examples of structural units derived from aromatic dicarboxylic acids 
cyclohexanedicarboxylic acids: 
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wherein X represents hydrogen, halogen, or an alky! group having not more than 4 carbon atoms, 
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The following are preferred examples of structural units derived from aromatic hydroxycarboxytic acids: 
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wherein X represents hydrogen, halogen, or an alkyl group having not more than 4 carbon stoms, 
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The cholesteric liquid crystal polyester is prepared by copolymerizing an aromatic polyester having such 
structural units as mesogens with an optically active component. As the optically active component there is 
used an optically active substance copofymertzable with such structural units. Particularly, blfunctional 
compounds are preferred in that they can be introduced into the polymer chain in any desired amount. Even 55 
monofunctional compounds capable of being introduced only in the ends of the polymer are employable if they 
exhibit cholesteric liquid crystallinity. 

As examples of bifunctional optically active monomers are mentioned dicarboxylic acids such as (R) or (S) 
form of 3-methyladipic acid and benzoylglutamic acid; diols such as 1 ^-propanediol and 2-methyl-1,44>uta- 
nediol; and hydroxy acids such as p-hydroxybutyric acid and 0-hydroxyisobutyric acid. These may be used 60 
alone or as a mixture in the copolymerization. It is not always necessary to ensure an optical purity of 10Wo. 
But in the case of an (R)-(S) form mixture, a helical pitch in cholesteric liquid crystal Is larger than that in the 
case of a pure (R) or (S) form, so th efficiency of chol steric twisting Is poor. Generally, th difference In 
content between (S) and (R) forms should be not smaller than 15<Vb, but preferably it is hot small r than 30Qfo. 
The amount of the optically active component to be introduced Is 0.5 to 20 molVo, preferably 1 to 10 moWfo. 65 
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The following units may be introduced into the cholesteric liquid crystal polyester of th present invention in 
order to adjust the melting point of the polyester. 
Kink units, e.g. m-substitut benz ne derivatives and 2,7-substitut d naphthalene derivativ s such as: 



-f-o 




0-4- 



15 



o \^ o 



20 
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wherein X represents O. CH2, C(CH3)2, or SO2. 
And units derived from aliphatic diols or aliphatic dicarboxylic acids represented by the following general 
55 formulae: 



2 m > „ 2 n „ 



60 0 0 

wherein m and n are each an integer of 2 to 12. 
The cholesteric liquid crystal polyester of the present invention can be pr pared, for example, by a method 
$5 in which polycondensation is performed under dehydrochlorination using corresponding acid chloride and 
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diol; a method in which acid dimethyl ester or diphenyl est r and diol ar polycondensed at a high 
temperatur ; a method in which dicarboxylic acid and diacetate of dio! are polycond nsed at a high 
temperature in a high vacuum; or a method in which dicarboxylic acid and di I are directly polycondensed In 
th presence of a c ndensing agent such as a phosphorus compound. In the case of using hydroxycarboxylic 
acids, polycondensation can be conducted according to any of the above polymerizing m thods. 5 

In order to obtain the high performanc film of the present invention, it is desirable to combine the abov 
monomer units to obtain a polym r whos transition temperatur from crystal to liquid crystal is at a 
temperature in the range of 150° to 350° C. The amount of each monomer to be used is preferably selected so 
that the transition temperature from crystal to liquid crystal is within the above temperature range. 

The cholestatic liquid crystal polymer used in the present invention can be formed into film by, for example, 10 
extrusion using a T die, injection molding, melt pressing, melt coating, or casting from a polymer solution. 
When shear force is applied to the polymer, it is necessary to mitigate the anisotropy by heating in the liquid 
crystal temperature region. But, the formation of cholesteric Granjean texture is not always necessary for the 
present invention. Polydomain state will also do, although tensile modulus and dimensional stability of 
polydomain films would be inferior to those of Grandjean texture films. In a flow casting method, the 15 
cholesteric liquid crystal polyester is dissolved in a solvent and the resulting solution is cast over the surface of 
a metallic plate or the like, allowing the solvent to evaporate, whereby there is obtained a thin film. Also in this 
case, there proceeds uniting of domain with heating at the liquid crystal forming temperature and there is 
obtained a high performance film having Grandjean texture. After the heating, it is necessary to perform rapid 
cooling to below the melting point of the polymer. 20 

The film of the present invention can be further improved in tensile strength and modulus by being subjected 
to heat treatment in a known manner. Further, a drawing operation may be adopted as an additional step, as in 
polyethylene terephthalate film. 

The cholesteric liquid crystal polyester film of the present Invention can have any arbitrary thickness 
according to how it is to be used. Usually its thickness is selected from the range of 2 to 200 jim, more 25 
commonly 5 to 100 urn, and when the film is to be used as a flexible floppy disk base, its thickness is preferably 
in the range of 30 to 100 urn. 

The physical property values as referred to herein have been measured by the following methods. 

(1) Humidity Expansion Coefficient 

A thermal machine analyzer TMC-30 manufactured by Shimadzu Seisakusho Ltd. was placed in a 30 
thermohygrostatic chamber and measurement was made in the following manner. A 10 mm long by 5 mm 
wide film sample was used and a load of 250 g/cm 2 was applied. After the sample was exposed under the 
conditions of temperature 30° C and humidity 80% RH. Humidity expansion coefficient was determined by 
reading dimensional changes observed between the conditions of 30° C, 30% RH and 30° C, 80% RH. 

(2) Tensile modulus was determined on film specimens 25 mm long under the conditions of elongation 35 
speed 10 mm/min, using a measuring apparatus TENSILON UTM-lll-100 manufactured by Toyo Boldlkie 

Co. 

(3) Intraplanar anisotropy of humidity expansion coefficient and that of tensile modulus were each 
determiner by measuring anisotropy in various directions every 30° and dividing a maximum value by a 
minimum value. 40 

Even without drawing, the cholesteric liquid crystal polyester film of the present Invention exhibits tensile 
modulus equaJ to or even higher than that of a biaxially drawn polyethylene terephthalate film, and the 
anisotropy of its tensile modulus is small. On the other hand, a nematic liquid crystal film exhibits a large 
anisotropy of its tensile modulus. Further, the humidity expansion coefficient of the film of the present 
invention is not greater than one-third of that of a biaxially drawn polyethylene terephthalate film, and Us 45 
anisotropy is small. The cholesteric liquid crystal film of the present invention has a tensile modulus not smaller 
than 3 GPa, a humidity expansion coefficient not larger than 9 x lO -6 ^ RH, and an anisotropy not exceeding 
2. Thus, the film of the present invention is superior in all of heat resistance, rigidity and dimensional stability, 
and the anisotropy of these physical properties is small. In view of these characteristics It can be said that the 
film of the present invention is extremely superior as a base film for high density magnetic recording tape or 50 
floppy disk. 

The following examples are given to illustrate the present invention more concretely, but it is to be 
understood that the invention is not limited thereto. 

Example 1 55 

15.55 g of polyethylene terephthalate having an inherent viscosity [r\ inh) of 0.37 di/g as measured at 30° C 
at a concentration of 0.5 wt .% using a mixed solvent of phenol/tetrachloroethane — 60/40 (weight ratio) (the 
following i\ inh values are also according to this measuring method unless otherwise mentioned), 34.02 g of 
p-acetoxybenzoic acid, 4.33 g of (R)-3-methyladipic acid and 5.24 g of hydroquinone diacetate were fed into a 
polymerization tube equipped wfth a stirrer (the proportion of the (R)-3-methyladipic acid as an optically active 60 
monomer is 6.7 mol% of the total monomer units). After purging with nttrogen, the polymerization tube was 
placed in an oil bath held at 220° C and reaction was allowed to take place for 1 hour In a; nitrogen atmosphere 
with stirring. Then, the temperature was raised to 230° C and r action was allowed to proce d for anoth r 1 
hour. The passing of nitrogen was started at 230° C and reaction allowed to proceed for 1 hour, th n under 
reduced pressure the reaction was continued for 1 hour. Th reaction temperature was raised from 230*0 1 65 
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270°C over a p riod of about 30 minut s. The degre of vacuum was maintained at 0.2 mmHg at 270°C for 3 

hours to compl te the polym rization. The resulting polymer was found to have an inherent viscosity [r\ inh) of » 

0.87 ctf/g. 

1 g of the polymer was plac d on the central part of two polyimide films in which a metal shim was inserted to 
5 adjust a film thickness and to make a unidirecti nal flow, and h at d to 280° C. Then the melt was made to flow 
using a press and allowed to stand for 15 minutes in the pressurized state, followed by quenching with ice 
water to obtain a film having a thickness of about 30 jim. 

This film had a tensile modulus of 5.1 GPa and a humidity expansion coefficient of 2.8 x 10~ 6 /<Vb RH. 
Anisotropy of tensile modulus and that of humidity expansion coefficient were 1 .5 and 1 .2. respectively. 

10 

Example 2 

The polymer prepared in Example 1 was dissolved in a mixed solvent of phenol/tetrachloroethane « 60/40 
(weight ratio) to obtain a 150/0 solution thereof. Then, the solution was applied onto a Teflon-coated iron plate 
by means of a roll coater. The solvent was evaporated and then heating was made at 230° C for 30 minutes, 
15 followed by quenching with ice water to obtain a film having a thickness of 20 jun. This film had a tensile 
modulus of 4.4 GPa and a humidity expansion coefficient of 2.8 x 10~ 6 /<Vb RH. Anisotropy of tensile modulus 
and that of humidity expansion coefficient were both 1.1. 

Example 3 

20 

(2) Preparation of Copolyester 

194 g of dimethyl terephthalate, 94.4 g of ethylene glycol, 21 .7 g of (S)-2-methyM A-butanediol and 77 mg of 
n-butyl orthotftanate were fed into a reactor equipped with a stirrer. After purging with nitrogen, reaction was 
allowed to take place at 180°C for 2 hours while passing nitrogen. Further, stirring was performed 1 hour at 
25 200°C, allowing the bulk of methanol to be distilled off. 

Thereafter, the degree of vacuum was raised slowly and at the same time the bath temperature was also raised 
from 200°C to 250°C. After the conditions of 250°C, 0.5 mmHg were attained over a period of about 1 hour, 
stirring was continued 0.5 hour under the same conditions to complete the polymerization. The resulting 
polymer was found to have an inherent viscosity (ij inh) of 0.25 ti£/g. 

30 

(2) Preparation of Cholesteric Liquid Crystal Polyester 9 

1 1.8 g of the copolyester prepared above, 24.8 g of p-hydroxybenzoic acid and 72. mg of stannous acetate 
were fed into a reactor equipped with a stirrer. After purging with nitrogen, reaction was allowed to take place 
at 240°C for 2 hours while passing nitrogen. Then, 185 g of acetic anhydride was added and stirring was » 

35 performed for 1 .5 hours. The temperature was raised to 275° C while distilling off acetic acid. Thereafter, acetic 
acid was distilled off completely under reduced pressure. Stirring was continued for 5 hours while maintaining 
the degree of vacuum at 0.5 mmHg to complete the polymerization. There was obtained a polymer having an 
inherent viscosity fa inh) of 0.67 d£/g. 
The polymer was pressed at 280°C for 15 minutes in the same way as in Example 1 to obtain a film having a 

40 thickness of about 70 \im. 

This film had a tensile modulus of 6.2 GPa and a humidity expansion coefficient of 2.1 x 1 0 -6 /^ RH. Anisotropy 
of tensile modulus and that of humidity expansion coefficient were 1.4 and 1.1, respectively. 

Example 4 

45 The polymer prepared in Example 3 was dissolved in a mixed phenol/tetrachloroethane solvent and a cast 
film having a thickness of about 10 jim was formed in the same way as in Example 2. This film had a tensile 
modulus of 8.3 GPa and a humidity expansion coefficient of 2.0 x MfQ/Qfo rh. Anisotropy of tensile modulus 
and that of humidity expansion coefficient were both 1.0. 

50 Example 5 

Hydroxybenzoic acid and (S)-2-methyl-1,4--butanediol were reacted to prepare 2-methyl-t,4-bls [4-acetox- 
ybenzoyloxy]butane. This compound will hereinafter be referred to as "optically active monomer". 5.75 g of 
6-acetoxy-2-naphthoic acid, 13.50 g of p-acetoxybenzoic acid, 2.14 g of the optically active monomer prepared 
above, 0.83 g of terephthalic acid and, as catalyst, 1 .4 g of sodium acetate were fed into a polymerization tube 

55 equipped with a stirrer. 

After purging with nitrogen, the polymerization tube was held at 240° C and reaction was allowed to take 
place 1 hour under a nitrogen gas stream, then at 280° C for 1 hour and thereafter at 320° C for 0.5 hour. Then, 
the degree of vacuum was held at 0.5 mmHg at 320° C and reaction was allowed to proceed for 0,5 hour. Lastly, 
the temperature was raised to 340° C and stirring was continued for 1 hour to complete the polymerization. The 

60 resulting polymer was found to have an inherent viscosity (t\ inh) of 3.9 6£/g as measured at 60°C at a 
concentration of 0.1 wt.°/o using a penetafluorophenol solvent. 

The polymer was pressed at 320° C for 1 5 minut s in the same manner as in Example 1 to obtain a film having 
a thickness of about 70 urn. The film had a tensile modulus of 5.5 GPa and a humidity expansion coefficient of 
2.5 x lO-Wo RH. Anisotropy of tensile modulus and that of humidity xpansion coefficient were 1.5 and 1.2, v 

65 respectively. 
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Comparative Example 1 

A nematic liquid crystal polyester {40 molQto polyethylene terephthalate units, 60 moWfo hydroxybenzoate 
units, ti inh = 0.65 d£/g) prepared from polyethylene terephthalate and p-acetoxybertzoic acid was formed at 
270°C into a film having a thickness of about 80 um. 

This film had a tensile modulus of 3.1 GPa and a humidity xpanslon coefficient of 3.4 x KH/qfc RH. Anisotropy 
of tensile modulus and that of humidity expansion coefficient were 2.8 and 1.5, respectively. 

Comparative Example 2 

A biaxially oriented polyethylene terephthalate film having a thickness of 80 \m was found to have a tensile 
modulus of 4.9 GPa and a humidity expansion coefficient of 9.7 x 10~ 6 /<yo RH. Anisotropy of tensile modulus 
and that of humidity expansion coefficient were 1.0 and 1.1, respectively. 

The results obtained above are as tabulated below. 



Table 1 



Humidity 

Film Tensile Expansion 

Exanple Thickness Modulus Coefficient 







(GPa) 


Anisotropy 


x 10 6 /%RH 


Anisotropy 


Ex. i 


90 


5.1 


1.5 


2.8 


1.2 


Ex. 2 


20 


4.4 


1.1 


2.8 


1.1 


Ex. 3 


70 


6.2 


1.4 


2.1 


1.1 


Ex. 4 


10 


8.3 


1.0 


2.0 


1.0 


EX. 5 


70 


5.5 


1.5 


2.5 


1.2 


Corp. 
Ex. 1 


80 


3.1 


2.8 


3.4 


1.5 


Gonp. 
Ex. 2 


80 


4.9 . 


1.0 


9.7 
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Claims 



1. A film for a high density magnetic recording medium, consisting essentially of a cholesteric liquid 
crystal polyester, with an opticaJly active component being copolymerized in a nematic or smectlc liquid 
crystal polyester, said film having a tensile modulus not smaller than 3 GPa, a humidity expansion 
coefficient not larger than 9 x KWVb RH, and an anisotropy of tensile modulus and that of humidity 
expansion coefficient each not exceeding 2. 

2. A film for a high density magnetic recording medium as set forth In Claim 1, wherein the nematic or 
smectic liquid crystal polyester has as mesogens at least two structural units selected from (A) a 
structural unit derived from an aromatic diol, (B) a structural unit derived from an aromatic dicarboxylic 
acid or cyclohexanedicarboxylic avid and (C) a structural unit derived from an aromatic hydroxycarboxylic 
acid. 

3. A film for a high density magnetic recording medium as set forth in Claim 2 t wherein the nematic or 
smectic liquid crystal polyester has the three structural units (A), (B) and (C). 

4. A film for a high density magnetic recording medium as set forth in Claim 2 or Claim 3, wherein the 
structural unit (A) is at least one of the following structural units: 
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wherein X and Y each independently represent hydrogen, halogen, or an alkyl group having not more 
than 4 carbon atoms, 
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25 



wherein X represents hydrogen, halogen, or an alkyl group having not more than 4 carbon atoms, 
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5. A film for a high density magnetic recording medium as set forth In Claim 2, Claim 3 or Claim 4, 45 
wherein the structural unit (B) is at least one of the following structural units: 



0 
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c 4- 



50 



55 



wherein X represents hydrogen, halogen, or an alkyl group having not more than 4 carbon atoms, 
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wherein X represents hydrogen, halogen, or an alky) group having not more than 4 carbon atoms, 
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7. A film for a high density magnetic recording medium as set forth in any one of Claims 2 to 6 t wherein 
the optically active component is an optically active dicarboxytic acid, diol or hydroxy acid. 

8. A film for a high density magnetic recording medium as set forth in any one of Claims 1 to 7, wherein 
the content of the optically active component is in the range of 0.5 to 20 mol percent based on the total 
monomer units. 

9. A film for a high density magnetic recording medium as set forth in any one of Claims 1 to 8, having a 
thickness in the range of 2 to 200 ujti. 

10. A film for a high density magnetic recording medium as set forth in any one of Claims 1 to 9, which is 
in an undrawn state. 
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